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$\Psi\in L^{2}(\mathbb{R}^{3})$ $\langle\Psi,$ $H^{V}\Psi\rangle<0$
$H^{V}$ $N$
$H^{V}(N) := \sum_{j=1}^{N}(-\Delta_{x_{j}}+V(Xj))+\sum_{i<j}W(x_{i}-Xj)$ (1.2)
$E^{V}(N)$ $H^{V}(N)$
$V(x),$ $W(x)$ $\Delta$
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$E^{V}(N)< \min\{E^{V}(N-M)+E^{0}(M)|M=1,2, \cdots, N\}$ (1.3)












$X$ $=(x_{1}, \cdots, x_{N})\in \mathbb{R}^{3N}$ $x_{i}=(x_{i}^{1}, x_{i}^{2}, x_{i}^{3})\in \mathbb{R}^{3},$
$i=1,$ $\cdots,$ $N$ .





$\Omega_{phot}:=1\oplus 0\oplus 0\cdots \mathcal{H}$phot $\mathcal{H}_{ph}$ $t$
$a(f)^{*},$ $a(f),$ $f\in L^{2}(\mathbb{R}^{3}\cross\{1,2\})$ $L^{2}(\mathbb{R}^{3}\cross\{1,2\})$




$e^{(\lambda)}:\mathbb{R}^{3}arrow \mathbb{R}^{3},$ $\lambda=1,2$ :
$e^{(\lambda)}(k)\cdot e^{(\mu)}(k)=\delta_{\lambda,\mu}, k\cdot e^{(\lambda)}(k)=0, k\in \mathbb{R}^{3}, \lambda, \mu\in\{1,2\}$ . (1.9)
$e^{(\lambda)}(k)=(e_{1}^{(\lambda)}(k), e_{2}^{(\lambda)}(k), e_{3}^{(\lambda)}(k))$ $\Lambda\in L^{2}(\mathbb{R}^{3})$
$\omega^{-1/2}\Lambda\in L^{2}(\mathbb{R}^{3})$ (1.10)
$i=1,2,3$ $gj$
$g_{j}(k, \lambda;x);=\omega(k)^{-1/2}\Lambda(k)e_{j}^{(\lambda)}(k)e^{-ik\cdot x},$ $(k, \lambda)\in \mathbb{R}^{3}\cross\{1,2\},$ $x\in \mathbb{R}^{3}$ . (1.11)
$x\in \mathbb{R}^{3}$ $gj(x)=gj(\cdot, \cdot;x)$ $L^{2}(\mathbb{R}^{3}\cross\{1,2\})$
$x\in \mathbb{R}^{3}$
$A_{j}( x) :=\frac{1}{\sqrt{2}}\overline{[a(g_{j}(x))+a^{*}(g_{j}(x))]}$, (1.12)
$A(x)$ $:=(A_{1}(x), A_{2}(x), A_{3}(x))$
$\mathcal{H}$ :
$\mathcal{H}\cong\int_{\mathbb{R}^{3N}}^{\oplus\backslash }\mathcal{H}_{phot}d^{3N}\underline{X}, \underline{X}=(x_{1}, \cdots, x_{N})\in \mathbb{R}^{3N}$. (1.13)
$\mathcal{H}$ :














$E^{V}(N)< \min\{E^{V}(N-N’)+E^{0}(N’)|N’=1,2, \ldots, N\}$ . (1.18)














$\mathcal{F}fin:=\mathcal{L}[\{a^{*}(f_{1})\cdots a^{*}(f_{n})\Omega_{phot},$ $\Omega_{phot}|f_{j}\in C_{c}^{\infty}(\mathbb{R}^{3}\cross\{1,2\}),j=1,$ $\cdots,$ $n,$ $n\in \mathbb{N}\}]$
(2.1)
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$\mathcal{D} :=(\otimes_{sym}C_{c}^{\infty}(\mathbb{R}^{3}))\otimes \mathcal{F}fin\wedge N\wedge$ (2.2)
$\mathcal{H}$ $H^{0}:=H^{V}|_{V=0}$ :
( $H$ .1) $\omega^{3/2}\Lambda\in L^{2}(\mathbb{R}^{3})$ .
( $H$ .2) $V(x)$ $W(x)$ 3 $\sqrt{-\Delta_{x}+1}-1$
( $H$ .3) $h^{V}:=\sqrt{-\Delta+M^{2}}-M+V(x)$ $-e_{0}<0$
( $H$ .4) $x\in \mathbb{R}^{3}$ $V(x)\leq 0.$
[6, Corollary 7.60]
Theorem 2.1 (At least one particle is bound). $(H. 1)-(H.4)$
q $\in \mathbb{R}$ $M\geq 0$
$E^{V}(N)\leq E^{0}(N)-e_{0}$ (2.3)
3 2.1




$(Tf)(q)^{2}+(Tg)(q)^{2}\leq[(T(f^{2}+g^{2})^{1/2})(q)]^{2}, \mu-a.e. q\in Q$. (3.1)
Proof. $f,$ $g$ $\alpha_{i},$ $\beta_{i}\geq 0$ $A_{i}\in\Sigma$
$f(q)= \sum_{i=1}^{n}\alpha_{i}\chi_{A_{i}}(q) , g(q)=\sum_{i=1}^{n}\beta_{i}\chi_{A_{i}}(q)$, (3.2)









$f,$ $g\in L^{2}(Q, d\mu)$ $f_{n},$ $g_{n}$ $0\leq f_{n}\leq f,$ $0\leq g_{n}\leq g$
$f_{n}(q)\nearrow f(q),$ $g_{n}(q)\nearrow g(q),$ $\mu-a.e.q(narrow\infty)$ (3.7)
$(Tf_{n})(q)^{2}+(Tg_{n})(q)^{2}\leq[(T(f_{n}^{2}+g_{n}^{2})^{1/2})(q)]^{2}\leq[(T(f^{2}+g^{2})^{1/2})(q)]^{2}$ (3.8)
$q\in Q$ $T$ $narrow\infty$
$\Vert T(f-f_{n})\Vertarrow 0$ $\{n_{j}\}_{j}$
$\lim_{jarrow\infty}(Tf_{n_{j}})(q)^{2}+(Tg_{n_{j}})(q)^{2}=(Tf)(q)^{2}+(Tg)(q)^{2}\leq[(T(f^{2}+g^{2})^{1/2})(q)]^{2}$ , (3.9)
$h$ 2 $(f, hg),$ $f$ , g $\in Q$ ( )
3.1 :
Lemma 3.2. $h$ $L^{2}$ $e^{-th}$ $t>0$
$f\in$ Dom$(h),$ $|f|$ $\in Q$ ( )
$(|f|, h|f|)\leq\langle f, hf\rangle$ . (3.10)
$f,$ $g\in Q(h)$ $\sqrt{f^{2}+g^{2}}\in Q(h)$
$(\sqrt{f^{2}+g^{2}}, h\sqrt{f^{2}+g^{2}})\leq(f, hf)+(g, hg)$ (3.11)
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Proof. $u\in Q(h)$ $t^{-1}\langle u,$ $(1-e^{-th})u\rangle$ $tarrow 0$
$f\in$ Dom$(h)$
$\langle f,$ $hf \rangle=\lim_{tarrow 0}t^{-1}(f, (1-e^{-th})f)\geq\lim_{tarrow 0}t^{-1}(|f|,(1-e^{-th})|f|)=(|f|., h|f|)>-\infty,$
(3.12)
(3.10) $f$,g $\in Q$ ( ) 3.1
$(f, hf)+(g, hg)= \lim_{tarrow 0}t^{-1}[(f, (1-e^{-th})f)+(g, (1-e^{-th})g)]$ (3.13)
$\geq\lim_{tarrow 0}t^{-1}(\sqrt{f^{2}+g^{2}}, (1-e^{-th})\sqrt{f^{2}+g^{2}})$ (3.14)
$=(\sqrt{f^{2}+g^{2}}, h\sqrt{f^{2}+g^{2}})>-\infty$ , (3.15)
$\sqrt{f^{2}+g^{2}}\in Q(h)$ (3.11)
2.1 : $\sigma$
$(\mathcal{L}_{E}, \Sigma_{E}, \mu_{E})$ $U$ : $\mathcal{H}_{phot}arrow L^{2}(\mathcal{L}_{E}, d\mu_{E})$
$I\otimes Ue^{-tH^{0}}I\otimes U^{-1}$ ([6, Corollary 7.64]) $\tilde{H}^{0}=$
$I\otimes UH^{0}I\otimes U^{-1}$ $\epsilon>0$ $F\in \mathcal{D}$
$\phi\in C_{c}^{\infty}(\mathbb{R}^{3})$ :
$\langle F, H^{0}F\rangle<E^{0}(N)+\epsilon$ (3.16)
$\langle\phi, h^{V}\phi\rangle<-e_{0}+\epsilon$ (3.17)
$\phi(x)\geq 0, x\in \mathbb{R}^{3}$ . (3.18)
$y\in \mathbb{R}^{3}$
$\mathcal{T}_{y} :=\exp(-iy\cdot\sum_{i=1}^{N}p_{i})\otimes\exp(-iy\cdot d\Gamma(k))$ . (3.19)
$\mathcal{T}_{y}\mathcal{D}=\mathcal{D}$ $H^{0}$ $\tilde{F}=(I\otimes U)F\in L^{2}(\mathcal{L}_{E}, d\mu_{E})$




( $H$ .4) :
$\int_{\mathbb{R}^{3}}dy\langle\Phi_{y}, \sum_{i=1}^{N}V(x_{i})\Phi_{y}\rangle$ (3.22)
$= \sum_{i,j}\int_{\mathbb{R}^{3}}dy\phi(x_{i}+y)^{2}V(x_{j}+y)\langle F(X), F(X)\rangle_{\mathcal{H}_{phot}}$ (3.23)
$\leq\sum_{i=1}^{N}\int_{\mathbb{R}^{3}}dy\phi(x_{i}+y)^{2}V(x_{i}+y)\langle F(X), F(X)\rangle_{\mathcal{H}_{ph\circ t}}$ (3.24)
$=N\langle\phi, V\phi\rangle$ , (3.25)
3.2 $\Phi_{y}\in Q(H^{0})$




$= \sum_{i=1}^{N}\langle\phi(\hat{x}_{i}+y)F, H^{0}\phi(\hat{x}_{i}+y)F\rangle$ (3.30)
([1, Corollary 3.3]) :
Lemma 3.3. $i=1,$ $\ldots,$ $N$
$\int_{\mathbb{R}^{3}}dy\langle\phi(\hat{x}_{i}+y)F, H^{0}\phi(\hat{x}_{i}+y)F\rangle$ (3.31)
$\leq\langle F, H^{0}F\rangle+\langle\phi, (\sqrt{-\Delta+M^{2}}-M)\phi\rangle_{L^{2}(\mathbb{R}^{3})}$ (3.32)
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(3.25), (3.30), (3.32)
$\int_{\mathbb{R}^{3}}dy(\Phi_{y}, H^{V}\Phi_{y})\leq N\langle F, H^{0}F\rangle+N\langle\phi, h^{V}\phi\rangle$ (3.33)







[$g,$ $[g$ , -Delta]] $=-2|\nabla g|^{2}\leq 0$ (4.1)
$\Delta$ $\sqrt{-Delta+m^{2}}-m$
: $T$
$(Tf)(q)= \int T(q, r)f(r)dr$ (4.2)
$g$
$[g, [g, T]]$ (4.3)
$[g, [g, T]]$ $T(q, r)(g(q)-g(r))^{2}$
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